Abstract. Induction hardening is well developed technology in many industrial applications, e.g. automotive, tool manufacturing, casting technology, sheet metal forming etc. The surface hardened medium carbon steels are widely used for critical automotive and machine components such as propulsion shafts, crankshafts and steering knuckles which require high fatigue resistance. However, some of small and medium sized enterprises, focused in metal manufacturing in Indonesia have not complete practical knowledge in employing induction hardening to harden the mechanical components. This paper present a technical report of induction hardening process for medium carbon steel material with considering the effect of specimen diameter. The results show that the increase of the specimen diameter increases the current input requirement which also increase the power requirement as a consequence. The induction frequency is automatically decrease when the specimen diameter is increase and resulted in the deeper hardening layer on the surface. The hardness layer of specimen A ranges from outer surface to 6 mm from the surface whereas specimen B ranges from outer surface to 10 mm from the surface from. The micro structure evolution from the surface to the center of the specimen for the both specimen is almost similar. It is mostly affected by the heating temperature and heat distribution from the surface to the center of specimen.
Introduction
Induction hardening is a practicable technology and has been widely developed in many industrial applications, e.g. automotive, tool manufacturing, casting technology, sheet metal forming etc. [1] . The inductive process has the advantage that the treatment can be localised accurately [2] . Moreover, the chemical composition of the surface layer doesn't change, which is the case for other surface hardening techniques. Because of the selective heating less energy is required than for a complete heating of the product and distortion can be avoided. However, induction hardening is a complex technology where some of parameters, e.g. coil, specimen diameter, input current, frequency, heating time and temperature determine the hardness depth and hardness number [1] . The contributions of some parameters to the microstructure, hardness number and hardness depth have been discussed in the previous references [3] [4] .
Steel with a carbon percentage of at least 0.3% is qualified for surface hardening. For this the work piece is heated up to approximately 900°C and after that it is chilled. The technique is used for the hardening of gear wheels, crankshafts, valve stems, saw blades, spades, rails, and many other things. In recent years a number of investigations have been put forward dealing with experiments, modelling and simulation of process parameters for induction hardening e.g. frequency, holding time, coil shape and input current on the hardness depth of the work-pieces.
This paper discuss about the application of induction heating for surface hardening of medium carbon steel. Surface hardened medium carbon steels are widely used for critical automotive and machine components such as propulsion shafts, crankshafts and steering knuckles which require high fatigue resistance. However, the practical knowledge in employing induction hardening is required to the different part dimension of mechanical components. A field survey in some of small and medium enterprises (SMEs), focused in metal manufacturing product, located in Tegal, Central Java, Indonesia, has been indicated that the induction hardening technology is not well developed and understood. Tegal is one of the metal manufacturing centers of SMEs located in north side of Central Java Province, Indonesia.
The contribution of government and mechanical and industrial engineers and researcher from university are expected in assisting and supporting small and medium sized enterprises (SMEs) to win the competition in free trade era [5] . This research is a contribution of researcher from university to assist the problem in SME where the induction heating technology has not well developed yet. The aims of this research is presenting a technical report of induction heating application for surface hardening of cylindrical pin with different diameter with respect to the induction current, frequency, hardening depth and microstructure evolution. Pin with different diameter is frequently ordered by PT. KAI, an Indonesian Train Company for joining some components in train.
Experimental Procedures
Material The investigation was performed on cylindrical samples made of carbon steel, where the carbon content is corresponding to AISI 1050. The chemical composition is indicated in Table 1 , obtained from spectrometer analysis. Two types of carbon steel specimen with 27 mm diameter (specimen A) and 50 mm diameter (specimen B) were prepared to be induction-heated at 900 C. Oil was used as cooling fluid in quenching process. 
Experimental Equipment
The induction proses used a single phase 220V 50Hz -60Hz induction machine where water was pumped and circulated to maintain the temperature of the machine and induction coil. A handmade coil was prepared to harden the specimen with 4 mm gap to the specimen outer diameter. The temperature, the frequency and the input current during induction process were measured using an infrared thermometer, a multi-tester and the current test, respectively. The hardness of the specimen is measured using Rockwell hardness tester machine. Induction Process The evolution of the heat distribution for specimen A during induction process for 0, 3 and 9 second of heating is depicted in Fig. 1 (a-c) . The heating process was conducted for 10 second where the temperature on the specimen surface was ranged from 890 -920 C. The specimen was located on the center of the coil with 4 mm gap between the inner coil and the outer specimen diameter. The position of the infrared thermometer measurement is indicated by the red light near the outer diameter, as shown in Fig. 1 . After ten second of induction process the specimen is quenched into the oil container by opening the gate below the specimen. The induction process and the specimen position for specimen B is similar to specimen A but the induction time is extended to 25 second to reach the austenite temperature. 
Results and Discussions
Frequency The results of frequency measurements for specimen A and B during induction process are depicted in Fig. 2(a-b) . For specimen A, the frequency ranges from 68 -72 KHz whereas for specimen B, the frequency is lower and ranges from 57 -62 KHz. The decrease of the frequency for specimen B is mainly caused by the increase of the specimen mass and volume with the same power and current input. During the induction process for specimen A and B, the frequency increases after the frequency can be changed by using the different coil arrangement. Current Figures 2(a) and (b) also depict the current evolution during induction hardening. For specimen A, the current ranges from 40 -45 Ampere which indicates the power requirements is around 8.8 -10 KVA. The increase of the specimen diameter induces the increase of the current input 
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Key Engineering Materials -Development and Application requirement, ranges from 70-75 Ampere and indicates the power requirements is around 15 -16 KVA. The requirement of the current is relatively high due to the set up of the induction machine into the maximum current capacity. The current supply to the induction machine is able to be controlled to reduce the power requirement. However, it will increase the heating time.
The increase of the specimen diameter increases the current input requirement which also increase the power requirement as a consequence. The induction frequency is automatically decrease when the specimen diameter is increase and resulted in the deeper hardening layer on the surface. Hardness Depth The hardness distribution on the specimen surface as the effect of induction process is showed in Fig. 3 (a-b) . The initial hardness of the as-received carbon steel material is 21-22 HRC. The quenching process using induction heating increases the material hardness on the surface to 55-59 HRC. It increases almost 3 times from the initial hardness. The hardness decreases as the increase of distance from outer diameter. It is indicated that selected heat treatment on the specimen surface is successfully conducted. The quenching process hardens the surface specimen but soften the center of the specimen. The hardness number of the center of the specimen is reduced to 16-17 HRC. The hardness depth in this experiment is relatively high, 6 mm for specimen A and 10 mm for Specimen B. Specimen B has a deeper hardening surface due to the decrease of the frequency. The target of the hardness depth is around 3 mm, so the research is extended to reduce the hardness depth by increasing the frequency during induction process. The micro structure evolution from the surface to the center of the specimen for the both specimen is almost similar. It is mostly affected by the heating temperature and heat distribution from the surface to the center of specimen.
Microstructure Evolution The discussion of the microstructure evolution is conducted for specimen A. The evolution of microstructure from the outer surface to the center surface, as indicate in Fig 3(d) and noticed with P-Q-R-S is presented in Fig. 4 (a-d) using 100x magnification. Figure  4 (a), captured 2 mm from outer surface, shows the transformation of the initial microstructure of medium carbon steel, ferrite-perlite to martensite microstructure which is agreed well with the hardeness measurement. In Fig. 4 (b-c) , the microstructure is captured 4 and 6 mm from the outer surface. The microstructure is gradually changed due to the heat affected zone (HAZ) where the heat treatment did not reach the austenite temperature. Then, the ferrite-perlite microstructure, as the original micro-structure is already found in the depth 8 mm from the outer surface where the material is found to be softer.
Conclusions
The technical report of the induction process using medium carbon steel specimen with different diameter is presented in this paper. A single phase induction machine is employed and has been successfully hardened the outer surface of the specimen and increased the material hardness on the surface to 55-59 HRC, almost 3 times from the initial hardness.
The results show that the increase of the specimen diameter increases the current input requirement which also increase the power requirement as a consequence. The induction frequency is automatically decrease when the specimen diameter is increase and resulted in the deeper hardening layer on the surface. The hardness layer of specimen A ranges from outer surface to 6 mm from the surface whereas specimen B ranges from outer surface to 10 mm from the surface from. The micro structure evolution from the surface to the center of the specimen for the both specimen is almost similar. It is mostly affected by the heating temperature and heat distribution from the surface to the center of specimen.
